ABSTRACT: Interestingly, copper has been identified as an ideal metal catalyst for an industrial scale electrochemical reduction of CO2 to various value-added chemicals relative to other metal catalysts reported so far. This is due to the fact that copper and copper based materialshave the potential to convert CO2 to oxygenates such as ethanol, methanol, formates etc. and hydrocarbons such as ethane, methane etc. Mechanistic details on how these products are formed on the catalystelectrolyte interphase during the reduction process have remained relatively uncovered. This review, therefore, seeks to uncover the mechanism of electrochemical reduction of CO2 on Cu/Cu based electrodes, factors that affect catalytic activity and selectivity for these electrodes as reported in various literatures. This paper is, therefore, organized as follows: section 1 covers the introduction; an overview of some basic concepts in electrochemical CO2 reduction (ECR) was discussed in section 2, experimental studies were discussed in section 3, and, finally, we have conclusion.
Introduction
Since the industrial revolution of the 19th century, the global trend in technological advancement has always been on the increase, and so is the exploitation of fossil fuels (i.e., coal, petroleum and natural gas)
as the main source of energy in order to sustain our economies and societies. These fossil fuels as non-renewable energy sources get depleted on an increasing basis which gives rise to a series of problems [1] [2] [3] .On the one hand, the aforementioned advancement, coupled with rapid population growth has resulted to increased energy demand, while fossil fuels as non-renewable [4] .This increased in CO2 levels has been associated with undesirable climatic effects such as global warming, desertification, rising sea levels, and more erratic weather patterns. Therefore, alleviating the effects caused by the heavy CO2 emission has become a pressing issue to the modern society [5, 6] . Different strategies have been adopted for the reduction of CO2 emission and mitigating climatic change which include; the use of clean renewable energy sources such as solar, wind and tide in place of fossil fuels, and direct capture and sequestration of CO2
for a long time isolation from the atmosphere ("carbon capture and Storage" CCS) [7] [8] [9] [10] .
The captured CO2 emissions can also be considered as a valuable resource because CO2 can be catalytically converted into industrially relevant chemicals and fuels. This is an extremely attractive approach since it can reduce the carbon footprint associated with fossil-fuel-powered processes, thus allowing the sustainable use of current fossil-fuel resources, and generate revenue to offset the costs associated with other CO2 capture, storage, and transport efforts. Several methods have been proposed for the conversion of CO2 to value added chemicals; however, thermochemical, photochemical, and electrochemical CO2 conversion are all promising catalytic approaches [11] . Electrochemical CO2-conversion technologies are appealing carbon-free electricity sources (e.g., wind, solar, hydroelectricity, etc.) and the reaction rate can be controlled easily by tuning the external bias (i.e.,overpotential) [12] .
Another benefit of electrochemical CO2 conversion is that several voltage-dependent products are accessible, including formic acid, carbon monoxide, methane, and ethylene etc. [13, 14] . Although the electrochemical reduction of CO2 to valueadded products has promised the high overpotential of this reaction, low selectivity and production rate, however, activity of the currently known catalysts still hampers this process from becoming close to commercialization. This is backed by the fact that typical current densities have been in the order of milliamps per square centimeter (mA/cm 2 ) of electrode and catalyst surface whereas industrial water electrolyzers operates at the magnitude of 2A/cm 2 [15, 16] . Current researches in this from various sources to generate all the relevant data. The quality of the published data, however, varied quite a bit and we had to make judicious choices in selecting relevant and reliable data. this high value is due to the rearrangement of the molecule from a linear to a bent structure.), to promote the reaction at satisfactory rates and product selectivity.
An Overview of Some Basic Concepts
The energy needed for CO2 conversion should arise from sustainable low-carbon sources (e.g. solar, wind, tidal energy etc.) in order to have an impact on atmospheric CO2 concentration. The major challenge therefore, is to fabricate an electrocatalyst that can achieve high conversion efficiency, high product selectivity at low overpotential barrier.
Reaction Mechanism of ECR
The mechanism for electrochemical CO2 reduction has been studied for many years, with the typical aim of the research being directed towards understanding why different metals give different products. On the other hand, the Energy Efficiency is the amount of energy in the products divided by the amount of electrical energy put into the system which is the overall energy utilization of the system and can be expressed as:
Where, Eeq is the equilibrium potential and ɳ is the overpotential
ii. Overpotential
This the difference between the applied potential (onset potential) versus the reference electrode under which the desired product is yielded at a detectable amount, and the
which is given as ɳ = (Eapplied -E o ).
iii. Current Density
Current density for CO2 reduction is the ratio of the magnitude of current to the geometric surface area of the working electrode. Partial current density for specific products can be obtained by multiplying the corresponding FE by the overall current density.
Experimental Studies
As stated earlier, Cu is the only metal catalyst that shows catalytic activity 
Cu/Cu-based catalysts for CO2RR
Loiudice et al fabricated Cu Nanocrystals (NCs) used for CO2RR [34] . Their study reveals a structure/property relationship between the fabricated Cu Nanocrystals and their catalytic activity (Fig. 1) Mixed iron-copper (Fe-Cu) oxide catalyst was reported by Yang et al [41] for the electrochemical reduction of CO2 to acetate with FE of 80% and 76% using Arpurged, phosphate-buffer and NaHCO3
Asian Journal of Nanoscience and Materials electrolytes respectively ( Table 2) Copper nanofoams with hierarchical porosity was investigated for the electrochemical reduction of CO2 [42] . This study reveals an improved product distribution and faradaic efficiency which far exceed the one obtained from smooth electropolished Cu-electrodes (Table 2 ).
This result was attributed to high surface roughness, hierarchical porosity, and confinement of reactive species.
Oxide-derived CuxZn catalysts was reported by Ren et al [43] , used for the electrochemical reduction of CO2. Where CuxZn = Cu10Zn, Cu4Zn, and Cu2Zn. Cu formation could only be generated in greater quantities on the Zn sites at more cathodic potentials. They also proposed in the mechanism of reaction that, for ethanol to be produced on a roughened surface (Fig. 4) such as CuxZn, CO is needed for insertion into the bond between into the bond between Cu and *CH2 to form *COCH2, adsorbates.
Ke and co-workers reported a CuOderived porous copper nano-ribbons array The wired structure exhibited the best catalytic activity with high faradaic efficiency for C2H4 product as reported in 
Concluding remarks
In this review, we have discussed the [61]
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